The properties of the new observed charmed strange mesons D ⋆ SJ (2317) ± , D SJ (2460) ± and D SJ (2632) + are simply listed. The status of investigations of these states is reviewed. An analysis to these states with Regge trajectories was made. We found that D ⋆ SJ (2317) ± and D SJ (2460) ± could be arranged as (0 + , 1 + ), but D SJ (2632) + seems not possible to be an orbital excited tensor particle. As a byproduct, the non-strange charmed mesons including D ′ 1 (2427) and D ⋆ (2637) + were analyzed also. 
Its decay property is special. These experimental data has triggered enormous discussions about the nature of these states. Considering the unclear dynamics of their decays, we will put aside the issue on the decay modes(narrow width) of these states and pay attention to their spectrum alone.
In a unified quark model, the spectrum of charmed strange cs mesons has been computed by Godfrey-Isgur-Kokoski [9] with a universal one-gluon-exchange-plus-linear-confinement potential. The predicted masses are higher than the observed experimental data. In the frame of relativistic quark model, the mass spectrum of orbitally and radially excited D and B mesons was calculated [10] in the m Q → ∞ limit. The 1/m Q corrections was carried out also. The predicted masses are lower than the observed experimental data.
It is usually believed that lattice theory may give a final solution to QCD. The spectrum of S-wave and P-wave heavy light mesons has been computed with NRQCD on the lattice in the quenched approximation [11] . The spectrum of radially and orbitally excited heavy light states are calculated in literature [12] . However, as we can realize, the lattice results in these calculations are higher compared with current experimental results.
The identification of these new observed mesons will pose a serious challenge for theoretical calculations in normal quark potential model and lattice.
For heavy light system, it has a special role in hadron spectrum. In Heavy Quark Effective Theory (HQET) [13] , the spin of the heavy quark decouples from the rest of the system and the all meson properties are determined by light degrees of freedom alone. It is then possible to classify the heavy light hadrons using the light degrees of freedom of spin j as a good quantum number. Heavy light mesons can be collected in doublets with a peculiar spin and parity j P . Members of each doublet degenerate in mass in leading order. So the spin-parity in ground states is j P =
2
− . This doublet comprises two states with total spin-parity + . The two doublets have J P = (0 + , 1 + ) and J P = (1 + , 2 + ), respectively. When the spontaneous breaking of chiral symmetry was taken into account, the heavy light system can be analyzed in the chiral quark model [14] . In this model, the mesons are predicted to appear in parity-doubled bound states, which transform as linear representations of the light quark chiral symmetry. Then it is natural to conclude that parity doublet has the same mass splittings. For the low lying mesons, the chiral partner of the (0 − , 1 − ) ground state is (0 + , 1 + ). In the framework of chiral quark model, the spectrum of excited D mesons was calculated by W. Bardeen et al [15] recently. The obtained results are in good agreement with experimental data.
The calculations of the spectrum of heavy light mesons with other methods such as QCD string [16] , MIT bag model and QCD sum rules [17] will not be introduced here. Before the analysis with Regge trajectories, we will give a simple review to the explanations about the nature of these new observed states in literatures.
After analysis of its special decay properties and the spectrum calculations based on GodfreyIsgur-Kokoski and lattice, D ⋆ SJ (2317)
± was explained as DK meson molecule and Dπ atom in literatures [18] . This state was proposed to be a four quark state in [19] . In literatures [15, 17, 20] , it was considered as the P-wave 3 P 0 cs mesons. There were baryonium explanation [21] and mixed state explanation [22] also. The case is similar for D SJ (2460)
± except for the P-wave 1 P 1 cs explanation.
Based on the fact that the decay mode D 0 K + is anomalously suppressed with respect to D
+ was suggested to be a four quark state with configuration [cd][ds [23] . A four quark state explanation was obtained in [24] also. There were tetraquarks explanations to this state [26] . In the normal quark model, this state was explained as the first radial excitation state of D ⋆ S (2112) ± [25] . For a systematic review to this excited subject, literatures [27] are recommended.
Till now, all calculations of hadron spectrum have relied on models. In this paper, we will make a phenomenological analysis to these states using the linear structure of Regge trajectories. In fact, when the new data about these resonances has been collected, it is possible to study the charmed spectrum with Regge trajectories.
Regge trajectories
Several decades ago, it was known from meson phenomenology that the square of the hadron masses depend approximately linearly on the spin of the hadrons. A Regge trajectory is a line in a Chew-Frautschi [28] plot representing the spin of the lightest particles of that spin versus their mass square, t:
where intercept α(0), and slope α ′ depend on weekly on the flavor content of the state lying on the corresponding trajectory.
For light mesons, experimental data and some models give
Formesons, based on much trial and experimentation, the flavor dependence was assumed to be on the quark mass combination m 1 + m 2 of the component. A global description to the Regge trajectories for all flavors was constructed as [29] 
where the subscript I refers to the leading trajectory. When we limit ourselves to those mesons for which the lowest physical state is at J = 1, we have
and
For leading trajectories whose ground states begin at J = 0, they have an intercept approximately 0.5 MeV lower from the leading trajectory and follow a similar pattern.
Eq. [3] was constructed from a comprehensive phenomenological analysis of available experimental data for mesonic resonances of light, medium and heavy flavors. It has been supplemented by results from various phenomenological models.
For radial excited lightmesons, the trajectories on (n, M 2 )-plots are obtained by [30] 
where M 0 is the mass of basic meson, n is the radial quantum number, and µ 2 is the slope parameter of the trajectory: µ 2 is approximately the same for all trajectories. In addition to mesons, baryons [31] , glueballs [32] and hybrids [33] have been studied with Regge trajectories also.
Regge trajectories was put forth at first as a good working hypothesis, and then verified by large amount accumulated experimental data. After comprehensive study on experimental data, people gradually realize that Regge trajectories may deviate from straight line [34] , depending on peculiar family of mesons, baryons, glueball or hybrids and energy region. However, for mesons with small J, the Regge trajectories are linear. The detailed behavior of Regge trajectories has been studied by more fundamental theories [35] .
Analysis of Charmed Family
After simple knowledge to Regge trajectories, we start our analysis to charmed strange mesons. In quark model,mesons could be marked by their quantum numbers, In 2S+1 L J . Their parity 
Following this suggestion, based on Table 1 , we proceed the analysis with Regge trajectories. As well known, the 1 −− , 2 ++ determines a trajectory, and 0 −+ , 1 +− determines another trajectory. The first trajectory is believed to be D ⋆ S (2112)
From Eq. [3] , the slope of the trajectory could be easily obtained
The second trajectory is assigned as
, where the slope of the trajectory
Obviously, the slope of the two trajectories for D S mesons is almost the same, which is the natural conclusion of Eq. [3] . Our simple analysis supports the assignment for these mesons:
. Especially, there exists no phenomenon called as spin-orbit inversion [10, 36] , which may have relation with the dynamics spin-dependence of the confinement.
Through the analysis to its decay final states, D SJ (2632) 
The slope is much smaller than previous 0.460 GeV −2 , and the two Regge trajectories will not be parallel. Therefore, the possibility that D SJ (2632) + is a 2 ++ tensor resonance is excluded. As another application of Regge trajectories, we now make an analysis to the non-strange charmed mesons. The observed non-strange charmed states are collected in Table 2 . The 1
, where the slope
The obtained 
which is much smaller than previous 0. 
? Table 2 : Spectrum of Non-strange Charmed Mesons.
Conclusions and Discussions
In this paper, properties of the new observed charmed strange mesons were listed and some main investigations to these states were introduced. Considering the rapid accumulations of literatures, this introduction is not comprehensive. The complicated decay properties have not been touched, only their spectrum is concerned. From Regge trajectories, we made an analysis to the charmed strange and non-strange mesons. It is really interesting that some conclusions could be made through simple algebra with this tool. Our conclusions could be listed:
1 Obviously, both their spectrum and decay features are important. The discoveries of these new states challenge our existed theories. However, when we turn around to look at the entries in Table 1 and 2, we find that we still have little knowledge to heavy light charmed mesons. Quantum numbers of some states have not been measured, quantum numbers of some states need confirmation. Some predicted neighboring slightly more massive states should be searched. More decays modes should be detected and analyzed. No matter what is going on, the identification of these new states will definitely challenge our theories and will push our theories ahead.
